Background: Chronic granulomatous disease (CGD) is an immunodeficiency affecting phagocytic leukocytes. Defective respiratory burst mechanism renders the affected patients to be susceptible to catalase positive microorganisms. With the great successes in antibacterial prophylaxis and therapy, fungal infections are a persistent problem. Invasive aspergillosis is the most important cause of mortality in CGD.
Introduction
Chronic granulomatous disease (CGD) is a primary immunodeficiency of the NADPH oxidase complex characterized by recurrent bacterial and fungal infections. The underlying defect is an inability of phagocytes to make reactive oxygen intermediates and activate their intracellular proteases [1] .
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With the great success in antibacterial prophylaxis, fungal infections are a persistent problem in these patients. The incidence of fungal infections in CGD has been reported to be 20% [2] . The Aspergillus species affecting CGD patients are A. fumigatus, A. nidulans and rarely A. flavus and A. niger [2] [3] [4] [5] .
In some CGD series, invasive aspergillosis was the most common cause of death, accounting for over one-third of all deaths [6] . However, the arrival of highly active antifungal therapy with the azole antifungals has changed the face of fungal infections in CGD and reduced the overall mortality. Posaconazole and voriconazole are safely and effectively used in salvage therapy of refractory pulmonary aspergillosis in CGD patients [8, 9] ; however, their effectiveness is less documented for treatment of osteomyelitis. Here we describe a case of skull osteomyelitis due to Aspergillus fumigatus infection in a patient with CGD who showed a favorable response to voriconazole after initial failure with amphotericin B therapy.
Case Presentation
The patient is a 9-year-old boy diagnosed with CGD after fever and generalized lymphadenopathy at the age of 2 years. He was found to have a non-sense mutation (c.810G>A) in exon 8 of CYBB that introduces a premature stop codon at position 270 (p.Trp270X) of GP91 PHOX [10] . His past history was typical for recurrent pneumonias and adenopathies. He has received daily prophylactic treatment with 5mg/kg trimethoprim sulfamethoxazole (TMP-SMZ) and occasional interferon-γ and itraconazole. He presented with fever, vomiting and progressive headache for 3 weeks. Physical examination was remarkable for mild fever and a non-tender bulging over the supero-lateral aspect of left orbit. Funduscopy showed no papilledema. Complete blood count revealed a mild hypochromic anemia. The erythrocyte sedimentation rate (ESR) was elevated at 117 and the C-reactive protein (CRP) was +3 positive. Chest x-ray showed ill-defined opacities over the right middle and lower lung lobes. 99m Tc bone scan revealed increased uptake at the involved area indicating an inflammatory process (Fig. 1) .
The excisional biopsy of the skull mass revealed septated hyphae. Culture was positive for A. fumigatus. Initial antimicrobial therapy consisted of ceftriaxone (70mg/kg) and vancomycin (60mg/kg), but cultures remained positive for A. fumigates. Thereon he received Deoxycholate amphotericin B (1 mg/kg/day), itraconazole (100 mg/day), and interferon-γ (50μg/kg).
Despite 3 weeks of this combination therapy, the fever and headache were not resolved. So, the amphotericin B and itraconazole were discontinued and intravenous voriconazole (8mg/kg/each 12 hours) started. Five days after onset of voriconazole he became afebrile, and the headache resolved over the next 2 weeks. With the suspicion of pyloric stenosis, oral prednisolone (1mg/kg/day) started as the fever abated. After 2 weeks of intravenous therapy, he left to home receiving oral voriconazole and prophylactic TMPSMZ and interferon-γ. The last follow-up visit performed 12 months after the first presentation showed no residual neurologic problems. 
Discussion
The NADPH oxidase in phagocytes is essential in host defense against aspergillosis. The activation of NADPH oxidase results in the generation of reactive oxygen metabolites with antimicrobial activity 11 . In neutrophils, this process is coupled with activation of intracellular proteases [1] .
The overall incidence of fungal infections has been reported to be 20% in CGD patients, with Aspergillus spp. being responsible for 78% of all fungal infections in these patients [2] . Indeed, Aspergillus is one of the major causes of morbidity and mortality in CGD. In a series of 368 patients, Aspergillus spp. were the most commonly isolated organisms from CGD patients with pneumonia and the second most commonly isolated organism from those with osteomyelitis [7] .
The lung is the most common site of invasive aspergillosis from which infection may extend to near-by structures or disseminated hematogenously to other organs [11] . Here, we presented a patient who came with both pulmonary infiltrates in the chest x-ray and skull bone involvement caused by A. fumigatus. It has been shown that A. nidulans mainly produces osteomyelitis after contiguous extension from the primary lung inoculum, but A. fumigatus is mostly accounts for osteomyelitis in distant organs after hematogenous spread [12] .
Our patient showed poor clinical response to Deoxycholate amphotericin B and itraconazole experienced persisting of fever and headache, so we changed to voriconazole. This resulted in a long lasting "Complete response" considering the newly established criteria for response to antifungal therapy [13] . Amphotericin produces suboptimal results against invasive aspergillosis in immunodeficient patients [3, 4] . Recent studies of patients with invasive aspergillosis have shown that treatment with voriconazole is more effective than treatment with amphotericin B [14, 15] .
Conclusion
As a conclusion, newer triazoles (voriconazole, posaconazole) are recommended as initial therapy for invasive aspergillosis in immunodeficiency states such as CGD [3, 14] . In the cases of osteomyelitis or aggressive pulmonary involvement, surgical debridement is also advised [5, 12] .
